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MODELING OF THE ANGULAR REFLECTANCE OF AN ARTIFICIAL

PLANT CANOPY NEAR THE RETROREFLECTION

PEAK IN THE OPTICAL REGIME

C.C. BOREL, B.J. POWERS, AND S. A.1$’. GERSTL

LOS ALAMOS NATIONAL LABORATORY

T-DOT, MS-1<?23
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Abstract

The narrow intensity peak in the reverse solar direc.
tioli , also called the canopy hot cpot or Heiligenschein,

IS studied using a artificial canopy. Polar Fourier anaJY-

sis IS proposed to cksify asymmetric peaks for variouc

canopy architectures,

A’eyuords: Angular Signssturea, Plant Canopy ModAing, Hot
SprIt Analysis

1 Introduction

\’cget at ion. covered surfaces exhibit ● narrow intensity peak in
the rcvcrsc solar direction which is called the Hciligenschein,
caIIopy hot spot or opposition eflect. This peak is due to the
tolal iibsmtcc of shadows when the observation direction coin-

cIdcs w,ith the solar direction, Previous studies indicate that
IIIC rcfhctcd angul~ distribution it related to the plant canopy
architecture and the aim of the illuminated objects (Cerstl and
Si]llnmr, 1!)86); cmd that the ●ngular width does not chsnge sig.
nlficanlly under dlfhwcnt atmospheric conditions (Powers ancl
Ccrstl, 19S8). The ●ngular intensity distribution hae been uoed
to estimate surface parameters cm the moon (Hapke, 1963) bnd
the particle size in the rings of !Murn (Lumrne, 1971), Sim-

ilarly, IVC expect that the canopy hot spot could be used to

irit.nti(y (Jlfle;cnt plant Opeciu and their .tate Of growth, How.

ever little in known on how canopy par~m~tero like leaf size, leaf
~t,rtpt?, kaf orientation and spatial leaf distrihuticin ●fleet the
regular intenqity t!istribution, Since natural plant canopies ●re
wry (Iifflctllt to ctrAracterize SII precise meaaurerncnt conditirms

Aw di~lrult to rrprocfure due to plan growth, it WM decided to
~ImIIIA(r MI(I build an artificial canopy structure,=, ‘rhi9 artificial

ImIrIl~y Ml]own 1111to control :he CAIIIjpy parameters in a nystenl.

ntIt wny and ntudy ttw hnt tpot efTect free from et~virrmmental
ntIIl lll~]loglcal interfr renres.

2 Artificial Canopy Experiment

‘1’IIP Artificial ~’anopy Exljer!nwnt (A(!l!) in prrformwf in thrre

StAglv:

I SllllIIlntr I)y rt)nll)lllrr goll~ralml illlagitlg llIr rrflrrtancp

2.

3.

from a deterministic canopy with given leaf positions, leaf
angles, leaf sizes and leaf shapes.

Build an artificial canopy using circular disce of 5 cm di.
ameter arranged in up to 15 layers within a 3 m x 3 m x

1.5 m structure.

Measure the tmuular reflectance distribution of the ●rtifi-

cial canopy in the .Iicinity of the retro solar direction using
a CCD array camera,

A computer prugram to generate images of a given canopy
using ray tracing WAJ developed. The canopy ia specified by
entering the disc radius, the number of layers and how many
Ieavm in both horizontal directions (x,y), the distance betwms
leaves in x,y,z dircctiona, and the leaf normal (or leaf ●ngle) dis-

tribution, From this input the program creates the leaf center

coordinates and le~f normal vectors. It WM found that a regular
canopy with constant leaf distancca and leaf sizen when viewed
from certain directions produces regular patterns, e,g. Iinea of
Icavee separated by dark linet of shadowed ieNe8 ●rid/or grouncf,

These artifacts could make the analysia of the reflected angular
inte:jsity distribution extremely difficult, mince many difTerent
views would have to be averaged together, To ●void the prob-

lem of t hcse ●rtifncio, the position of the leaves needed to be
randomizecf4

The developed co,nputrr program crcateo two images of the
canopy, The first imagr shows which Ieavm are tisible by an

observer at infinity using paralld projection, T}Ie second image

is a computed picture M seen from ● given point in space using

a per~pect ive imljecticm. Ray9 arc traced tcr tlm leaves, And
interscctiorts are found. Each interomliwr ic tested M to whether
it it also visible frnm infinity, If no, that point io considcrrwl

illuminated othrr wiar a thacinw oc-mtrn The images arc stored
and dilplayccf cm an lmagr Prcrceming Syntem.

An example (of An artificial ranopy With ~!) X 29 kavm in

13 Inyrrn in nhowtI it) lJigur? I. ‘1’lIr radius of the dinka WM

2.5 cm, the horizontal (x,j ) ahd vmlical (z) sparing WM 10 CIII

with a rantlntli nflnrtof *2 rm in x,y and 2 directions, ‘1’hv

Iraf ar?a in(lex for thin catmpy in almul 3, ‘NISI leaf nnrmnl WM
cnnntmt ft~r al} Ieavrs with zenith allglo O, M 600 and w,inwthd
Ulglr @, = - l@ ‘rhf’ 111111atltl vww dltertmn wax CIIOMW nwrh



I:lc,,rc I Computer genera[ed imagr of an artificial canopy

111~1 IIIC circular leaves tppear M elhpseb with a zenith mgle

0 = :].1° and ●n ~zimuthal angle @, = GO” with the viewpoint M

~ dist mncc of 5 m ●w-y from Lhe renter of the top canopy layer

“~he diagond view ●ngle u memured from the lower left LO the

uljl)~.r rigl]t corner of the picture it 15 degrecn, The brighter

rrginll in the center is the hol zpot which is elongated in the

! ,.11ICOI. ,\way from the cenler Ica}m ccut ahaclown onto other

lIavmr (I,lack regions).

3 Hot Spot Analysis

llnl XIIOI I>tlrrlogrnphs taken frorrl airpl~lles alIrl ccrrrputer gener-

.Ilrd Im,IErS havr brrn anhlyzcd by relrirvillg the pixel intensily

I, Iofile ~lol)g A traverae prming through the ccn\cr of the hot

●11[)1 ((; cr~[ll 198S). The rm Ills mhow ● very noisy intenzily

I,lofilr aIItl IL io diflicult LO frI a mrooth angular di~trlbution
,!, r{),lgll ~I)e da~b poil)ts, Better rtsult~ for circularly s~nlnl~tri~

lIUI SIJOIFare obtained by the following mcihod :

I Filirl al~d ln~rk the crn(r” of the hoL spot, ~

,L_ll. ld
.0 .5 I.c 1,5 ?025 3.0 J 3 4,0

e I Oagraen 1

Figure ?: Radially nvcraged and normalized i~tcnzlly ao(~) for

● ccmputer generated hot spot image

where $ is the rotation urgle from the horizontal (x) direc.

tion in the image, u shown in Fig. 3 UCI M is Lb- number

of annuli. Figure 4 shows ihe firol four Fourier coefficient~ ;

aI(f?) ; h(fZ) ; dot) ; k4f4) for the elowted ho~ -POL in Fig”
ure 1. The most irnporttnt Fol:ricr caflicienls for L hot spot in

●rc rro(r?), al(d) ●nd al(0). A negative a2(0) indicatez ● vrrti.

ctlly e;ongatcd hot #pot (w a2(0) in Figure 4 for O. <0 c 0.5°)

, whcreaz ● Potitivc az(~) would deacribc ● horizorrally ●xtended

IIOL zpot Any u.ymmctry of the upper part to the Iowcr part ic

rxprcszed by ● non.zero al(0), Since the the wymmelly of thr

1101zpoL image in Figure I is hardly nolicetblc by eye-sight, the

fourier coefficient- do not ●xhibit drhmalic r.liflerencm, Aver.

~ing owsr inrlependcnt image- w:II rrduce the randomness find
mhowomcmtlmr curves
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4 Conclusions

Au an~l~sis method for asycnrnctric hot spoln hm ken dcvrl.

@I’Ped 10 an~lyzc computer genersted and ●xperimentally ob.
[ained illl,igca of artificial c~nopies, A datab~e with many an.

E~lnr sigll~(uren [or various vegetation typeo and growth ot~tea

could bc used to estimate biophycical indicator for the growth

SIALC nnll type by findiog the bmt fit. The ●rtificial canopy will

Iw used to provide more information on the functional depen.

dcl)(! uf the angular rcflecttllce distribution on variouc otruc -

Iural CRIIOpy paramctcrh
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